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Introduction

The City of Bothell’s Comprehensive Plan, Imagine Bothell..., calls for actions to
“protect, preserve, and enhance those features of the natural environment which are most
sensitive to human activities.” Collection of data and observations (i.e., monitoring) is
one means to determine attainment of that goal.

The City of Bothell has adopted ordinances to protect, maintain, and restore its waters
through knowledge of past, current, and future trends and conditions. The City of Bothell
Municipal code 18.01.010 (18) defines Storm and Surface Water Management Services
in part as “...water quality and environmental monitoring....” Ordinance 1968 (2006),
effective in 2007, stipulates the expenditure of Surface Water Management fees be used
to conduct Storm and Surface Water Management Services.

The monitoring effort will facilitate the City’s commitment to wise management of land
and water for the benefit of current and future generations. One measure of success will
be attainment of state water quality standards and beneficial uses as designated by city,
state, and federal water quality standards.

Goal

A means by which the City of Bothell can measure and describe our progress to protect
and restore the chemical, physical, and biological integrity of the City’s surface waters.

Objective

To monthly monitor surface water quality to develop baseline data to identify trends.
Data is assessed for occurrences of degraded conditions and to quantify levels observed,
and document instream water quality and other opportunistic observations. Use
information to facilitate City policy and land use rules, prioritize restorative actions, and
direct future program monitoring efforts. Use the assessment to measure effectiveness
with the Federal National Pollutant Discharge Elimination System (NPDES) Phase I
permit, Endangered Species Act, and Clean Water Act.

Methods

Methods have been extensively described in previous annual monitoring reports (Loch
2009 and 2010). The following is a brief summary of methods.

Sample Station Selection

City staff selected sites through in-office review of maps and follow-up field surveys.
Sites were selected based on the representativeness of the stream and upstream land use
patterns. Sites were located as far downstream as was practical.
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Chemical

At each site, monthly water quality measures were taken of dissolved oxygen,
temperature, turbidity, conductivity, specific conductivity, and salinity.

Temperature

Stream temperatures were taken using two methods. One method was an instantaneous
measure collected at the time of general water quality sample with YSI 85 meter. The
second method involved use of a continuous instream temperature data logger. The data
loggers were installed in a stream and were set to record continuous temperature reading
every 15 minutes.

Physical
Hydrology Flows

Visual estimates of flow were made during monthly water quality sampling events.
Flows were estimated and recorded in cubic feet per second (CFS) or, if flows were
slight, estimates were made in gallons per minute (gpm).

QA/QC

To ensure accurate and precise data, all meters are calibrated at a minimum of once per
month or per manufacturer’s recommendations. Calibration records were kept of water
quality meters. Meters were checked for accuracy prior to each monthly sampling event.

Field data collection was supervised by a practicing aquatic ecologist. Field data was
entered into digital tables and checked for accuracy. Anomalies were investigated for
possible errors in transferring data and compared to accompanying field comments.

Data Analysis

The data presentation for the annual summary report is limited to simple graphs of data.

Graphs are assessed for general characteristic purposes and as early indicators of trends.

Future efforts should include stronger statistical review to provide insight to problematic
or poorly understood observations.
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Figure 1. Water quality and TMDL sample locations for
2017. Blue indicates non-fecal bacteria sample site.
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Results

Sample Station Selection

A total of 7 sites (Figure 1) were selected for sampling in 2017. Of the 7 sites sampled,
five have been sampled since 2010. Four of the sites are long term Fecal Coliform
sample sites. Fecal coliform test results are presented in a separate annual report (Loch
2018).

Five watersheds were sampled among the seven sample sites (Figure 1). Their basins’
general characteristics are summarized in previous reports (Loch 2014). Horse Creek and
North Creek had two sample sites each. The complete ambient monitoring data set for all
sample locations may be found in Appendix A.

Chemical

Monthly measurements included dissolved oxygen, specific conductivity, salinity, pH
and NTUs (nephelometric turbidity units). No upsets in sampling protocol occurred in
2017.  Equipment was calibrated prior to sampling and was maintained per
manufacturer’s specifications.

Dissolved Oxygen (DO)

The annual average dissolved oxygen levels for all streams recorded readings above
Washington State Department of Ecology’s water quality standard of > 9.5 mg/l (Figure
2). The long term trend since 2016 has been an increase in dissolved oxygen.
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Figure 2 — Dissolved oxygen annual 12-month average from 2010 to 2017. The
yellow line demarcates state standard of 9.5 mg/l level to meet standards.

Conductivity

Specific conductivity is a measure of dissolved metal ions. The higher the conductivity,
the more dissolved metals, such as copper, lead, zinc, cadmium and others. Specific
conductivity throughout the city was seasonally influenced. Highest readings occurred in
the summer, and lowest readings in late spring. In general, the trend was increase in
conductivity to 2015 with a decrease through 2017. The common trend indicates that
sources of dissolved metals in surface waters is increased up to 2015 and then began to
decline with the except of Junco Creek that has seen an increase since 2015.
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Figure 3 — Annual stream-specific conductivity levels from 2010 through 2017.

pH

Values of pH followed the same seasonal trend as conductivity. No site had recorded
measures below or above state water quality standards. The overall trend in pH has been
for a decrease at most streams beginning since 2010 with a reversal beginning in 2016,
Figure 4.
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Annual pH Values from 2010 to 2017
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Figure 4 — Annual pH values from 2010 through 2015.

Temperature

Temperature is collected monthly during the ambient sample surveys. It is expected that
the effect of a warming climate will result in an increased number of occurrences of
stream temperatures not meeting state standards. Temperatures saw an increase from
2010 to 2015 and then a decline from 2015 through 2017. These represent temperatures
above the Ecology’s standard of not to exceed 16 F.

Figure 5. Annual maximum temperature recorded 2010 to 2017.
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Summary

Results for ambient water quality monitoring for 2017 found degraded stream conditions
throughout the city. In 2017 the most common condition not meeting state standards were
stream temperatures. Dissolved oxygen occasionally failed to meet state standards during
the summer but not enough to pull the annual average below state standards. The sites
reflect ongoing variability between years that appear to be influenced by regional weather
patterns, dry and hot versus wet and cool. A logic question is: would regional weather
patterns have as much of an influence on in stream water quality if there were currently
healthier watersheds, i.e. more wetlands, functional riparian corridors, less direct storm
water discharges, and greater tree canopy extant?
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APPENDIX A

2017 Stream Ambient Monitoring Data
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Annual Summary of ambient water quality monitoring for 2017

HC-1/ Site Site

HCN-1 HC-2 PM-1 o1 LS-1 NC-1 NCLD
Dissolved Oxygen (mg/l)

Average 10.55 10.01 11.19 10.16 9.96 10.21 10.77
Standard Deviation 1.32 1.02 0.98 0.89 1.15 1.06 1.10
Min 8.36 8.49 9.55 8.56 8.17 8.71 9.17
Max 12.18 11.37 12.46 11.53 11.62 11.63 12.35
Count 11 11 11 10 10 11.00 11.00

Specific Conductivity (us/cm)
Average 175.58 177.21 182.35 185.48 160.60 161.73 159.24
Standard Deviation  39.14 42.92 19.07 21.95 47.33 36.57 35.62
Min  113.9 94.80 153.60 129.50 105.40 119.00 116.00
Max  229.2 234.10 206.50 206.70 257.00 205.80 205.40

Count 11 11 11 11 11 11 11
pH

Average 7.56 7.27 7.52 7.24 7.23 7.26 7.32

Standard Deviation  0.46 0.40 0.25 0.41 0.37 0.36 0.39
Min  7.02 6.76 7.18 6.70 6.64 6.84 6.73

Max  8.31 7.98 7.95 7.90 7.75 7.76 7.94

Count 11 11 11 11 11 11 11

NTUs

Average  1.89 1.97 1.54 1.01 2.82 221 1.63

Standard Deviation  1.65 0.31 1.53 1.29 3.77 0,96 2.21
Min  0.30 0.10 0.23 0.06 0.25 0.77 0.07

Max  6.11 6.97 4.56 4.59 13.20 3.19 7.37

Count 11 11 11 11 11 11 11

Flow (cfs)

Average  2.20 2,13 3.32 1.95 0.78 78.18 4291
Standard Deviation  1.72 1.13 0.81 0.73 0.70 35.09 19.77

Min  0.25 0.50 2.00 1.00 0.01 35 18

Max  6.00 4.00 5.00 3.00 2.00 150 80

Count 11 11 11 11 11 11 11
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